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SYSTEM AND METHOD FOR CONTINUOUS 
ANALYTE MONITORING 

This apphcation pnont, » US. P-isiona, Application^. 
, fi.ed My 21, .998; U.S. Provisional Applied No. 60/140,285 fi.ed June 18, 1999, 
andU.S. Provisional Application*. 60/140,252 filed toe 18, 1999. 

BACKGROUND OF THE INVENTION 
The present invention relates to analyte monitonng systems, and more 

Lo, 8 anismandmom.o re dou 1 s,deof«heor 8 anisn,.oob,ainameasuremen,of S 

characteristic of the fluid, such as an,lyte me*—.. 

Monrtonn.systems.ha.sampleandmeas.ecWactenstrcsofnudsfrom™ 

onanism such asahuman, are wellknown. Many of these systems .nvolve.mp.ang 
lusandmatemeas— sofmosesamp.es. Even for short tenn .mplants,. as 

reg ,on of the implanted device. The typtca. memod for compensating for 
J* method several times over the firs, few day, Further, once tmpl^d, ihe 

JS add.fiona.fingersdc.tstoob^theb.c.dforcalibradon.Theneedtoccnuc 
multiplecahhrationslargelyehminatesmuchofme advances for manyofme 

implanted continuous monitoring systems. 

An ad„,ona, restnehon on the performance of the rmp.antah, sensors ,s tha 

rc ,ls oxygen. One so.ut.on employed in some of the .mp.an. hemg d«e op d , 
^restrictive ditWon membrane which hmits tie proportion* amount ofmc 
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compr „ m i s esolu 1 ionc m h»vede^^ B onrcspon se ™, 
5 (SNR). 

SUMMARY OF THE INVENTION 

- — i,s t::i rjr — — - 

^representative — 

„ 00 d y ,t„e»—e 

occurring with any implanted device never begm. 

Lne, byavoidtns^lP— of^.odvto.nsen.sensor.a 
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present invention because neither sensor plantation i, involved nor a membrane- 
breaching connection to an implanted sensor. 

The above and other objects and advantages of the present invention will 

5 taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram generally showing the continuous analyte monitoring 
system according to the present invention. 

FIG. 2 is a schematic diagram of a tissue interface device for use in the system 

and method of the present invention. 

FIGs 3 and 4 are side views of suitable tissue interface dev 1C es through which 
nticropores in the tissue are formed and fluid is collected and analyzed. 

FIG. 5 is a side view showing the position of an amperometnc sensor devrce 

with respect to a tissue interface device. 

FIG. 6 is a perspective view of a tissue interface device featuring a cartndge 

containing a plurality of single use sensor devices. 

FIG 7 is ablock diagram of the monitor and control unit. 
FIG. 8 is a flow chart depicting the basic monitoring processes accordmg to the 

mVentl no. 9 is a diagram of a display dev.ee contained in the monitor and control unit 

shown in FIG. 7. 

FIGs 10 and 1 1 are graphical diagrams showing glucose measurement data 
taken with a continuous monitoring system accordmg to the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Definitions . 
As used herein, the term "biological membrane" means .he structure separating 

« area of an orgarusm from another area of the organism, such as a c*fe* wa,., or 

,0 the outer layer of an orgamsm which separates the organism from its external 

environment, such as skin, buccal mucosa or other mucous membrane. The term 
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body cavities of an organism. 

As used herein, the term "stratum comeum" means the outermost layer of the 
skin con si! «in 8 o ff rom,hou.l5.oabout201a y ersofcens. T*e sUahum comeum 

L^attac^omtheextemaienv— ttothetnteHorofthe ody Th » 
..pi^is-meansmemetahohcanyacttveresionof^es^.It.sfoun^us.baow 

The epidermis does no. contain blood transport s»ct«res, t.e, captllanes. Theterm 
^s.me^.ere.onors.nappro.mate.lOtimesasmioUsthee^ 

fo^ustbelowtheepidermts. The dermrs contatns large amounts of olla en^rch 
pjcss^inte^ytothes* The dermis contains a tayer o 

Musedhcreta.me.erm-.issue-meansanaggrega.eofcellsofapar.tuiar 

lsa s,onesurfaceofmetissueisp re fera bl y,bu.no,necessad.y *» 
e^oma^cradrationsothatoneembodimentofthemventtoncanbccantcdout. 

^ prefel ttssue is the to Other tissues suitah.e for use with mts tnvcntton 
include mucosal tissue and soft organs. 

ascompared^eintem.pressureofmeor.anism.owhiehmesystemtsm.erfaced 

■Vacuum" is used synonymously with the term "suctton.- 

Musedherein/'ablation-rcferstomeprocessofcontrolledremovaofa 

se.ectedareaoftissuetommesurroundingtissuehyidneticenergyrele^wben.ta 

Musedherein.meterm-b.o.o^.ftuirme^b.oods^.wholeboo, 
..mtersutta, fluid" means the clear fluid that occuptes the space between, he cells ,„ the 
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As us «d herein, "potation." "mtoroporation," or any such S itm>ar term means me 
^cialfonnauonofasmallhole, opening „..,*^' 
biological membrane, s»ch as skin or mucous membrane, or me outer layer of an 

, b ,,„ gi caUuic.,sucbasa.a ly ,es f romw*me bl o,o 6 ,ca,mem t ra„eor,epa^ 
.rplanrsor^ftomwrr-meUo^membranem^ne^forse^ 
pv.poses.orforcertammedi^orsurgicalp.eedures.nesizeof.heWeor 

"opore" so formed, approximately ,-lOOOum in diameter. It is to be understood 
to.the^Wpore^susedmfcsrngularfonuforsimplrcity.bu.thatmuIMe 
„ opemngsorporesmaybeformdbythemteBrateddeviceaccording^epresem 

membrane of a suitable si* for delivering or extraction fluid therethrough, including 

micropores. , - 

A » used herein, the term "integrated device" means a devce salable for 

(preferllythroughthe micropores socreated, and anaiy^ the bio.og.ca, Ouid ,0 

determine a characteristic thereof. 

As used herein, "sonic energy" refers to mechanical pressure waves with 

20 frequenciesliomlOHzlolOOOMHz. 

The term >rating element" ismeanttotnclud. any means of formmga 
ruicropore.holeoropenMgdescribedabove.includmgbym.rmal.bla.ton, 

example of a mechanical porating element is disclosed in commonly assrgned 

,• . wn 0800193 entitled "Multiple Mechanical Mtcroporation 
25 published PCT application WO 9800193, entitled, no 

OfSkin Or Mucosa" Another poraungtechmone suitable for us. in connection with 
mis system is dtsclosed in — ly assigned U.S. ***** 1* 

Transmembrane Transport," filed July 14, 1999, Attorney Docket No. 19141.0034. 

Theterm-heatedprobe-or-heatoonductingelement-meansaprobe, 
pref.rab.yso.idphase.which,capabl«ofb«inghea«edinresponse,o«heapphca„on 
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M me—, so-, Mg neUc, e,e— ic 0, ophca, 
a c W =v tag * OT ,^.a.ionof t he •,,«=. For ^c.ty^ep.obe,— asa 

Qtate but which is heatable. 
s There™— ^when^n — 

hour .vera, lours, e,e. Moreover, « each read.ng even,, (he sensor outpu . 
„ Z y sa m pWn 1 uUi pl e.i m es,soas,ooh,,„ap.ura 1 , t yofrea to8 sre.a t ,ve ly 

10 rite.lrehv^aver.eoro.hera^o.hose-^rea^rs 

A. for determining a final reading that is displayed or logged. 

The connector 300 provides mechanical, electtieal and optionally optical 
.hemora.or.dcon.roUni.MOand.hedssue.n.erfaeedev.ce.OOwou.de.chh.v 
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ntot iv e cfa PW „c e ofco»c CTtt a»o„ofa I1 an.lye. The electnca, S1B „ 
linear Jstteofftuidp^ctio, «^"-*« 

in relation • — - - **** »* * " 

„f ™ analvte of interest). Alternatively, the optical rearing -*■■» » 

h>v, i, less likely to sweat. Alternatively, the site of the BM 
preferablyinanareawhichislessltkelytos ,„ fth .j,.„e 
L.*. tissue interne device ,00 Istobe appW (or*« surfaeeof^ss « 
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neurotransmitter acety.cnoline front reaching the sweat glands. An exampleof such is ' 

the drug marketed as Botox™, 

The sensor ,10 maybeoneof any number of fcnown types of ana,yte s»so,s, 

including an electrochemical biosensor, reactive enzyme based, reflex^ 

5 M ,„ JL. «— - »»— o 

,f the sensor 110 is a biosensor tha, ts read *M <■» 0 
„I, rtM ese ffi ornOisa W e«ha t isre,d 0 pnca„y,,henins,eadofsensorleads 

l0 Lreadm^eansinthentonitorandeon.oiun.t^OO. Alternative* as deseed 

1S toeinterfacedemelOO.Sncnonappliedover.heartiSoia.opemngstnute 

* ogL membrane is usefol to continuously draw fluid from the .is** through across 
IlconUctwidtmesensorUO. Positive pressure applied to the snrroundmg 
^otheb.ologicalmembrane.s.efultoinducefluidflowfrom.he^ue^ 

„ tbesurroundrngti^estsanoptionalfeaturewhichisaohievedbytnech^ 

indteabove-referencedU.S.PaUntNo.S.SSSJU.or-ie.aBoduCtonm.ofhe 

— g to sofanag.se,ec K d,o P — ^ 
An optional waste fluid storage element 115 may be provtae 

commonly assigned co-pendtng U.S. Appltcatton No. , . -* » 
MdMe.hodForFl.idManagementlnAConttnuousFluidCollec.tonAndSe.or 
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Device," filed on even date. 
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usefulto form a pneumatic seal on the tologtcal membrane to allow 

!1 in tee areas pro^altt.eartlnc.al openings. Atop layer taed of 

' KtaO *O3s i owsaa SS nein t « rf aee d ev,ce,00 h av,n g an 1 a y e r o f p— , 
mal e„»l asthenic™, ,0 5 A. The pouting. lenren, 

More details on an integrated tissue poration and flutd harvestmg devr 

PCI/US99/04990, fried March 5, 1999, enntled Photothermal Structure 

^uu; n 6 and a valve 1 14 to control the delivery 01 * 

aforementioned application fded on even date. 
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m o rllustrates -U — - «~ d 7'" 3 

0 nnBarraneedonacartridgel50. Acartridge 
plurality of one-time use sensors 1 10B arranged 

u wifflis provided to advance an unused sensor 1 lim uno H 

next fluid sample obtained. This des.gn P 

• r inn to direct fluid flow to the sensor 110. 
componentsofthetissuemterfacelOOtod.recttluia ick 

top 110 bottom Uo^^ai spacers The mesh acts by a surface tension mechanism to 
W elds, g l».,ormechanlcalspacers. ^..^channe. may be formed 

move the hiolosica! » -o *e sensor— ^ 

^.hetopandho^Uyersor* ^e surface tension mooif.ca.ton, are 

Themeshmaybetrea.ed^as^acun.compoundasw.U.™ 
^ac.sofOt.devicei^hereitisdesircdatatnnidnoUowm^^ 

i The mesh will also displace volume in the device liwio 
25 hydrophobic compounds Themeshw, P melsuIemeot . The 

taebyreducemevolumeofnuidneedcdforanad^^m 

)0 r:"-^-^^ 60 * 
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■•u~ot a i and 4 839 296 to Kennedy et al. 

for controlling fluid flow ia the tissue mterfac. device 100 

An ntdicator withm the sensor may be provided to determtne whe the assay 
, •, ,„zvmes etc) have been consumed and the sensor must be replaced or a 

th esub ) eetsbc,yinase,ec,ed,ca,io, t besub i ec.-snatura.musc 1 .ac,io„.c« S .o 

assist in keeping the collected fluid in motion across the sensor. 

BeforeLtUsueinterfacedevicelOOtsappliedto^BMofmet^thes,,. 

ont.eBMwheretheartir.ct^.mn^etobeform^maybetrea.ed-a^. 

15 C-o f ahydro P hobicma, 6 Hal,e,eeptror m ^d. f: in 8 acap^or 

JLg—atabutsthesUe. T*e biologtcal fluid will be drrected ,n» flte 

Another possibility is to posHon the tissue ntterf.ee devtee 100 such ha. «h 
20 tonchi.butiscloseenoughmat.tcontacts^dropsotflutdcomtngou.ofd.e 
'iti.opentngstn.eBM. ^-^"^^ 
b e f orebe,ngdraw«od,eassay.A., m a, i vel,,,hesen S or,sp,acedo„e,d,er S1 d.o 



cover, 

25 



As a further level of protection, a sensor could be provided on the fssue 
interface layer 130,odetec. water or sweat contammationoftheporations.tes^F.r 

7 on specific eleCrode ,s useful to detect » characteristic shift m sodtum 
i:iLhcon m ina,,en,s,o»casensor,h U se.esash a ,„pH,— 

30 nation rn which an externa, con—, such as water m»es w,. , *,ed 
flul d. Man, analyte levels in the flutd are vety stable and pred,c,ab,e, so mat 
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moni.oringa"contam,na,ion t es, 

.tag^^repor.rf— . The sensor technologies «sA, for 
sensorUO. Moreover.^sensorUOshownm.hef.guresanddescnbed.bo,., 

,0 produce outputs used to valid*, certain analyte measurements. 

The matenals used in fabricating the tissue mterfaee device are preferably 
sel ec,ed to match .he water ,oss characteristic, of »reBM so that the damage reparr 

pressu^sealringCorare^d^eporatton/vacuurntorpressureJareacouldbe 
designed to have this characteristic. Go,eTex™o, other breaunablewaterprcffabncs 
aresuitableto fabricate the tissue interface devicei00tocon.ro, the water loss. 

Turning to FIG. 7, the monitor and control unit 200 is shown m greater dett.1. 
Themonitorand—i,™ communicates ^^^^ 

1 OOTh.heartof,hemoni,orandcon to ,«n„2 M ,sacon tt o„er Mf »a,co„ t ro.s^ 
OV e ra llo P era,io„of m es y s..m.Thecon tt o,ler2 1 0ma,bee m bodiedb,alowpower 

an on-board flash memory capable of receding programs stored thereto. 

The monitor and control urn. 200 comprises a pump 220, a vacuum sensor 222 
^ av acuumcon tt o,,er2 M .Thepump220,s»n,ec,cdby«hembe320 ( con to ned 

W deorad i acen.,omeconnec.„r300 ) .o«h.,issu=in,erfacedevicel00.The 

controuer210connects<obo,h,he vacuum sensor 222andthe ^—^T 
Th evacuumser,or222mom,orsmelevelofne g a,iv.pressureappl 1 edb y ^ump 

22 0 and generates a s,gna, *a,,s ,cdbac k to me controller 2,0. The con.*r 0 
p enod lM ,,ymo„i,orsme.eve,o,n=ga,,v«pre,sureapp 1 ,edb y ,hepump22.o 1 s«e 

30 pressnregeneratedbymepumpm The vacuum sensor 222 ,s located e m»< the 
to e interface dev.ee 100 proximate the end of me mbe 320, or m .hembe 320 
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prolate the pump 220. Alternatively, vacuum sensors are positioned at both ends of 
the system and are calibrated to detect a seal leak by a measurable difference between 
readings obtained by the two vacuum sensors. 

The electronics for controlling the poration elements in the tissue interface 
5 device 100 may be included within the monitor and control unit 200, or separate 
therefrom. The poration control circuit is shown at reference numeral 230 and 
comprises an array of electronically controllable switches, such as field effect 
trustors (FETs) 232, an FET control circuit 234, one or more capacitors 236 and a 
current sensor (such as a rector) 238. The poration control circuit 230 controls the 
10 amount and pulse duration of current delivered to either one or more wire elements that 
are electrically heated, or to an optical source, such as a laser. This is represented at 

reference numeral 239 in FIG. 7 . 

The controller 210 reads the sensor signal( S ) generated by the sensor 105 on the 
tissue mterface device via the input/output (I/O) interface 240 and the lead tines shown 
at reference numeral 310. The I/O interface 240 couples to a potentiostat 242. The 
potentiostat 242 is essentia!* a current sensor. It is coupled to the output of thepower 
supply circuits 258 and 259 and to the sensor signal generated by the sensor (of the 
variety that generates as output an electrical signal representing the measurement) m 
the tissue interface device to sense the mount of current of the electrical signal. The 
20 control 210 then converts this current signal to a corresponding (digital) numenc 
value that is stored and/or displayed. Any compensation of adjustment of the 
measurement is made by the controller 210 using one ormore adjustment algorithms 
(known in the art). 

Power supply to the monitor and control unit 200 is by way of a battery 250. 
25 ON/OFF control is achieved through the switch 252. The voltage on the battery 250 is 
monitored by a battery monitoring circuit 253 that is coupled to the controller 210. The 
battery voltage is coupled to two power supply circuits 254 and 256. Powersupply 

circuit 254 generates a first voltage that is used to power many of the other components 
of the monitor and control unit 200. Power supply circuit 256 generates a second 
30 voltage that is used to power the controller 210. 
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In addition, power supply chxuiis 258 a,d 259 » priced ,o gene* 
sensors are employed .ha, are o,icny read, ^ < 

„ optical srgna, «o an --*•> sensor 0*« op.ica, dev.ce, such as ens. 
sout ee an dde l ec„rco m ponen M i« W u,hemori«orandeon Ml «nU200,bu«.u*ed 

new software control and/or analysis procedures. 

(L ED)284 and audible alarm device 286, such asabu^naddrhontothebuzzer 
25 top ,ace te of,avib t a, 1 o„a l ende»ice n »ybep ro vid«d,suebas«hoseuse,,n 

conventional wireless paging receivers. 

To enable —cation of .formation, such as programing and other 

artificial openings and for harvesting fluid therefrom. 
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As explamed above, ,bc confer 210 consols to overall operations of .he 

7 i. „ mrranM 274 Aside from controlling 

controller 210 or a separate memory, such as EEPROM 274. A 
me formafonofheartmcialopenin^ in the, issue, .he operas of .he confer .0 
. m clude(l)c. P t«rb 8 , P roces S m g ,dis pl a,»no,o g8 ing(s t orin B )sensorm«a S uremen B 

lal ,i uousorpe„od,c to , oron an on-demand bas,s; (2) providin, user access 

interface to the system. 

,» some ca.es, readings are made from the sensonn the „ssue,n,=rfacedev«e 

^eofsensoremployed). Theme— , is displayed on me d,sp,y 60 and^ 
ruis 1 o E8 edfor,heEEPROM27.1no to c,se S ,memea S uremen,d»,a, S teed 

h no, delayed. And b, s,il. omer cases, me measurement data is dumped B * 
serial I/O 290 for use externally or for diagnosing the operation of the system. An 
15 opaooalfeatureofthesystemistogenerateacon^lcodemat^aw.reess 

l r f,ce.oa,e rt aremo,esi 1 eofadevelo P in g or^ingcri.ica,cond,o,Th. 

_auon system, Thfs ,particu,ar,y useful ,„ ahosp.talenv.— w . .ft 
user ishehrgmonr^continuouslymorderto alert for —nthe.ven.ofa 

20 hypoglycemicepisodematftepauentiso.herwiseunawareof. 

follows Firs. the .issue interfacedevice 100 isplacedinposition on or .boot the 

.cesstohiologicalW.Next.meflu.dis.nduced.exi.fam.heorgan.smshod, 

diffusion or leafcage process, a suction enhanced process ,.a negate pressure uppl.ed 
from .he morutorand control unit 200, a posihve pressure enhanced process™ 
30 osiuvepressuresupp.edfromthemoa.torandcon.rolunit.asomcal.ye^ced 

rocessusing.he sonic energy « descnhed m commonly ass,gned U.S. Pa.en. 
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Nos 5*W11. - electric or magnet. fi c,d eProcess, . chenncahy — «- ' 
pro ce S s..K ra „a^ y ofach e m i ca, fl „x«*»cerisdeU,=red 1 n,o«hcon e or 

membrane, the miction of acompound into the a*iai openings wh,ch reduc* 
5 th e vscosity of the fluid being collected thereby allowhrg more .0 Ho. wrta , a grv 
1 the— n ofaco^drnro.hea.iKalope^s^cb^ — 
:: ta of lb e« W „ g co,.ec rt ,a S el» t edfa S b i o I «ofavor,e«*on 

var ,„„ si: »x=rtacer„»,,ec ta i,ues.Posi 1 ivepr« U ree-^'°^'-" e 

direction as well as a longitudinal direction. „ „„, 1 o wa i 

Turning .0 FIG. 8, the logic flow of software program of the controller 2,0 wrll 
bedesenbed inmore detail. Oneepoweredup.thecontroller^Oexecutesan 
te idali I ,ionandse,f-,s,rou,in«a,s K p510.N K .,aneventhr.d,er ro «^ 

.ndtimn.gparanrete.andot.erinterrup,. For example, the fluency a, whr c * 

.venth-erroutinedetermrnesthatthesen.rshonldber.d.tarns^ SO* 
.nsor.readand.m— en, is compu^d based on me sensor o».p«,(s,.« 

Hingis tobemade. Controlretumsto the centh-errouturerns . 520, whe* . 
■ "tlinedwhether, for e X amp,,herneasuremen,da J a i ustob«. b ed - a« 
^ryeventis^ed.splayed.Ifso.thentnemeasurementdata.scoup.edto* 
dJay,onpdatethedrs P ,a y .s«ep 5 50. 1 fme.ven.hand,«r 5 20de,e„n m es W a«an 

J5 Z has oLed. the error handler routme 5 S 0 is invoked ,0 deal with the error, and 

the error event is logged in step 570. .,,„j M .i, 
Theproccsofuuerymg.hesensoratstep^Oisexp.amedrn^ea.ede, „ 

The controler^lOmaintainstbeproperyoltagehtastome sensor leadsSUOand reads 
Islroutputanumb.roft.mesatacert.nsarnphngratetoobtarna^of 

„ m casu,emen B .Fo,exar„pl,.hesensorou,pu,isread,0«mesa,lH,Tlt 

m easure m en,da,afor,hep 1 ural,„ofreadin g s,sme„cheCedb y ,hec„n TO „er2,0fcr 
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anymM i m u m d m a,io„or»ou t -ofW'cha I ac K n ai C3.N«.,, te pWi.yof ' 

corresponding measurement value thai is logged displayed. 

A ,eachse„sor re admg«e„t, t be,o 1 ,ageon«heba l ,ery2 5 0 ,smon„. re d. The 

■.EDJMmaybeenergtxedtoindicatea^ba^oond.tionwhenu.eba^vo.taEe 

lW1 h.^v^Ubd».^I»«^<^■^ ,,,,, • 

s „ch as the buzzer 286, may be triggered and ,.,e system ma, be shut down. The 
„ battery voltage is also opuonally logged win, each sensor reading even, m order to 
rarlrizebattetyperrormance. Based on the predtctabie behav»r o f the ba«ety ,n 
thesy^theloggedbatterydafsusefuitoalerttenserwithanesnnratednme 

operate for apredeterminedpenod of time of connnuous app.Mo„ oreaeh s»e 
„ interface device Upon installatron of afresh tissue interface device the expected 

rcomp.etethene^elvehourcyclOeusercouldbe.arnedatu.ttnneto 

replace or recharge the battery. ^..i,,. 
The diagnostic aspects of me controller include a power-up dtagnosttc that 
J0 invo.vesbasiccomponen.activa.iohandsoftwarevenScation.Suchd^osbcs 

mclude cheeking the RTC 270, pump 220, batter, 250, and dtsplay 260. 

Error events that may rigger activation of the error handling routtne 560 

range for more than a certain period of time, low battery voltage, inactive RTC 270, 
J5 and invalid sensor measurements (discontinue out of range, noisy) 

Other features of the monitor and control unit (hat ma, be useful for certain 
nations includearadio or infrared — ma, generates a ^ « hrcW* 
I measurement data for emission to a remote wireless recetver. Thus sig^l ma, 
c in the form of a„ outgomg messaging signal footed in accordance with two-.a, 
30 pagrngormessagrngstandandsorc.llu.arteMones-ards.Thesignalma^e 
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elc Tfc latter feature could be **** «* - . young su bj ec, w,» ' 

^ Mexa m p,ofasu«e*sp l a»260, S ^,nF.G.9. The display 260 may 
be anLCDorLED & pUy,w i W»P.»ys^.odM^eana ly ,e,ad,n g - 

asastos e I eaa i n 6 , i n mg /d.andp*, te ™=o tt h= re * g ,and te ^ofhe 
K ad^, mO n ft a n dd,y,.Ina i , i aon,,hedisp,a y 2e0 M »d K adisp.ays^ 

» abated. MemaUvdy, a aynteW voice ou,p». may be provded fortiesigh, 
unpaired users, or for your* children unable ye. to read. 

As an anemativ. * providing a supply of pressure and a separafc 

, Kan d fc rce«ou, This wonld ebminare .he need for a separate vacuum punrp 
h „us™de ! t gn .d M becarnedo„ 4 euser-spersonfor S eve ra .hour S ,da y so,wee t sa, 

disposablepor.ionof.he system whichpro.de, *^7**T* 
;L„Uol,displa y , m e.er, P owersupp,y, m do teta c,io.wou,dhecon«a m ed 
« within the non-disposable monitor and control unit 200. 

Merna J,, .» of functions of the frssue in,c, f acc device ,00 and con.ro, and 

Ai ™ ' ,. „,,,. sinele-use disposable monitoring 

nromtoring umt 200 may be integrated ,n a complete, single us P 

system In this case, size and cost constraints ma y favor omitting some of the ^ 

,„ .homayonlyncedCosemonitonngofaselectedanal^forarelative^shor, 
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monitored for several days immediately after the surgery. 

Lsi^aHo trigger d,eme— , operation i, op.iona.1, pro-proved, 
^byanexternalcoramandsign^chasa^ftomanu^statrontna 
s Zitalen ,oron-den- b»d,e^e=, W m S e»er S dfbypre^a 

„ h L a *a,o g uc between «He -or system, setup as a glucose sensed 
as a quasi-real-time control input forthe modulation of the dehvery of msuhn. ^ 

diljIlfc anti-psychotics, growth honnone, thyroid hormone or *e *e, »sm 8 , 
sensor system. 0 monitor either the ,eve, of ^esuhsUnoebetngdehve^.o^ve, 

"separate analyte wh.cn , affected by the delivered — such as glucose. 
15 THecon-er^Oisop.ronailyprograrnmedtogenerate^srgn.U^en 
measurements^entafhese.or.alioutsidecert.nrange, *««*^ 

. ========= 

le situanon ,d the motions for a h,pog,ycen»c episode potentra, w* «he 
, 0 ,o 30 mtnutes or so. Similarly, the controller 210 may be programmed to 

adings Further ft. controlier 210 is optionally programmed to compute 9rs. 

50 *£~TJl:*~*~>>->'"*'-~ 
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FIGs. lOandU are graphical diagrams showing examples of glucose 

, da.a *n by the continuous monitoring system and the data pomts » the *«. 

,„ i n piG 10 a glucose load was given at an elapsed ..me of 20 rmnutes. In HO 

; ladminis.eted,a„e^d,.meo, 2 ,0. *-»"">»™* 

m „ Ita mmabk maximum or below a programmable min.mum). 

' ^system and me«of,he present u,,en,ionaenieve many advances over 

' ; f Lorgan i sm,ex,ernalbiolo^men* I ane,napa.chconf. S ur.,o,.heex,, 
, „ culd be designed to las. for hours, days, or even weeks, as needed. 

easilyovercome m =lirn,, 4 onsof,bes m p,« 9 uxra.e ta posedonad,sc,=,es,n g ,- 
20 I S^baveshow.m.tagivense.ofmteroporesc.ben.a.ntame -n 

lot h, air and no attempts were made tokeep.hepo.es from drymgout, U„as sho 

■ , ,„„ in .his studv it was noted that whereas the first 
J5 outfluxunderbyapplicauonofsuc.,, In.h, study,, 

45 seconds of suction general,, produced small amounts of flu d P 

30 sea, w.,hin a few days even if fluid is still being extracted from the open* Fo 
example.withrespeettoskin.ac.earpro— fhufonn^P^ybyme 
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albumm and other proteins avatlable ,n the ISF agglomerate and timing denatured 
when exposed to the air. This is the firs, stage in the eventual deuuamitrzahon of the 
epidermis winch results in the opening being totally eliminated over the next 7 to .4 
days as the newl, keratinized epidennal cells flatten and build up the stratum corneum 
in the pore sit. from the bottom up. A brief application of moisture to the 
proteinaceons Sim a. the pore stte after this barrier had formed was shown to quickjy 
dissolve this layer of protein and allow the pores to open up once again and show the 
same fluid flux rates as when originally tested. Based on tee results, the useful hfe of 
a porated site can be extended if it is kept protected fan full exposure to the atr and 
kept mots,, so that the same so, of openings could be used for many hours, days, or 
possibly weeks .0 access the fluid, and particularly interstitial fluid, from the body. 
Certain compounds rounnelyused as topical agents have been identified bcmg useMto 
„,„ck or shut-off the natural repair/healing processes of the body which work to retold 
the porated portion of the epidermis. By incorporates one or more of these 
1S oompou.tdsinto.hetissueintcrfacedevtcelOOcovcrvngtheporesi.e.fur.her 

enhancement of ft. long term flux from the pores could be realized, with the added 
benefit of reducing some of*, negative cosmetic aspects of the body's reaction ,0 the 
poration process such as localized erethyma and edema in some cases. 

The above description ,s mtended b, way of example only and is no. intended 
„ to limit ft. present invenrion m any way except as set forth in the following clarms. 
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What is claimed is: . . , 

,. A system for continuously monitoring characteristic of abtologtcul fund 

attracted <">m an organism, comprising: 

. tissue interface device suitable for portioning on or about the striae, of -he 

Moiogieai fluid as „ flows out from one or more artiftcial openings formed u, 

and in the flow path; and 

a monitor and control unit coupled to the tissue interface device that reads the 
sensor to derive a measurement of a characteristic of the biological fund on a 

continuous basis. ^cnr 
2 The system of claim 1, wherein the sensor composes an analyte sensor. 
3 . The system of claim 1, wherein monitor and control unit composes a 

controller that controls when readings are made from the sensor. 

4 The system of claim 1, and further comprising electrical lead hues 

couplings sensor to the monitorand control unit, wherein the sensorin the tissue 

monitor and control unit. „ Wa rt P ri sties 

5 . The system of claim 1, wherein sensor changes Us optical characters 

in response to a characteristic of the biological fluid. 

\ ThesystemofclaimS.whereinthemonitorandcontrolumtcompnses 

means for optically reading the sensor. 

7 . The system of claim 6, and further comprising at least one optical fiber 

coupled between the means for optically reading and the sensor. 

8 The system of claim 5, and further comprising electneal lead hues 

tentative thereof, the electrical lead lines coupling the electneal sensor signal to 
the monitor and control unit. 
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9 The system of claim 1 , and further composing a connector that connects 
the monitor and control unit to the tissue interface device, wherein the connector 
eludes a tube extending the length thereof, wherein the monitor and control unit 
composes a suction source that is coupled to the tube and provides suction to the t,ssue 
interface device so as to draw biological fluid from the one or more artificial openings 
and through the fluid collection and sensor device. 

10. The system of claim 9, wherem the monitor and control unit comprises a 

controller that controls the level of the suction. 

1 1 The system of claim 9, and further comprising a pressure sensor for 
measuring the suction applied to the tissue interface device, the pressure sensor 
generating as output a pressure signal representative thereof, wherein the monitor and 

control unit reads the pressure signal. 

12 The system of claim 3, wherein the controller compares data obtained 
from the sensor with stored values and generates an alarm signal upon determining a 

deviation from the stored values. 

13. The system of claim 12, and further comprising an alarm device that is 
responsive to the alarm signal to generate an audio and/or visual alarm. 

14. The system of claim 1 , wherein the tissue interface device composes one 

or more elements for forming one or more artificial openings in the biological 

membrane, 

15 The system of claim 14, wherein the tissue interface device composes a 
tissue interface layer, and wherein the elements for forming one or more artificial 
openings comprise one or more electrically beatable wire elements exposed on the 
Ussue interface layer to thermally ablate the surface of the tissue to form the one or 
more artificial openings therein, wherein the monitor and control unit generates signals 
to energize the electncally heatable wire elements. 

16 The system of claim 1, wherein the tissue interface device composes a 
tissue interface layer having a layer of optically absorbent material disposed on a 
surface thereof, wherein the optically absorbent material is responsive to a beam of 
optically energy focused thereon to heat up and thermally ablate the surface of the 
biological membrane to form the one or more artificial openings therein. 
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17. The system of claim 16, and further composing an optical energy source 

that generates the beam of optical energy. 

18 The system of claim 17, wherein the optical energy source is contained 
within the monitor and control unit, and further comprising an optical fiber that couples 
the beam of optical energy to the optically absorbent material on the tissue interface 

device. . 

19 The system of claim 1, wherein the tissue interface device .s attached to 

the surface of the biological membrane for aperiod of time to continuously collect 
biological fluid and sense characteristics thereof during the period of tune. 

20 The system of claim 1, and further comprising one or more electrical 
conductors that are connected between the tissue interface device and the monitor and 
control unit to communicate signals therebetween. 

21. The system of claim 1, monitor and control unit is contained within a 

body wearable or attachable housing. 

22 The system of claim 1, wherein the monitor and control unit comprises a 
memory coupled to the controller for storing data obtained from the sensor on a 

programmable periodic basis. 

23 . The system of claim 17, wherein the monitor and control unit comprises 

a display coupled to the controller that displays measurement data. 

24 A method for extracting a biological fluid from a biological membrane 
of an organism and continuously monitoring a characteristic thereof, comprising steps 
of: 

forming one or more artificial openings in the biological membrane; 

continuously sensing a characteristic of the biological fluid collected from the 
one or more openings to derive a sensor signal representative thereof; and 

coupling the sensor signal to a monitor to obtain a measurement of the 
characteristic of the biological fluid on a continuous basis. 

25 The method of claim 24, and further comprising the step of applying 
suction tothe one or more artificial openings to draw biological fluid out of the 
biological membrane to make contact with the sensor. 
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26. The method of claim 24, and further comprising the step of stonng a 
continuous basis in a memory measurement data obtained from the sensor. 

27. The method of claim 24, and further comprising the step of companng 
data obtained from the sensor with stored values, and generating an audio or visual 
alarm upon determining a deviation from the stored values. 

28. The method of claim 24, wherein the step of coupling comprises 
electrically coupling the sensor signal to the monitor. 

29. The method of claim 24, wherein the step of coupling composes 
optically coupling the sensor signal to the monitor. 

30. The method of claim 24, wherein the step of coupling comprises 
transmitting a wireless radio frequency signal to the monitor. 
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